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ABSTRACT 



A microtip has a tip portion formed by gathering of 
three crystal faces of a single crystal, at least one of the 
crystal faces being an etched face at and around the tip 
portion. The microtip is produced by breaking and 
splitting a single <crystal by applying a stress, and sub- 
jecting the face formed by breaking of the single crystal 
to anisotropic etching by utilizing facial orientation, 
thus forming a tip portion as a gathering point of three 
crystal faces of the single crystal. A surface-observing 
apparatus for observing a surface of a specimen and an 
information-treating apparatus comprise a tip in prox- 
imity to the specimen to be observed or a recording 
medium, and conduct the surface observation or the 
writing or reading by using the tip, respectively. 

10 Claims, 5 Drawing Sheets 
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According to a third aspect of the present invention, 
MICROTIP, PROCESS FOR PREPARATION there is provided a surface-observing apparatus for 

THEREOF, SURFACE-OBSERVING APPARATUS observing a surface of a specimen, comprising a tip 
AND INFORMATION-TREATING APPARATUS placed in proximity to the specimen to be observed, and 
EMPLOYING THE SAME 5 conducting the surface-observing by moving relatively 

the tip and. the specimen three-dimensionally while 
BACKGROUND OF THE INVENTION detecting tunneling current flowing between the tip and 

i c- u r.u x the specimen, or detecting an interatomic force exerted 

I. rield oi trie invention . . r , Al _ . « . 

. . , * * • ^ ^ i«, A j between the tip and the specimen, the apparatus being 

The present invent.cn relates to a micronp employed y microtip of the first aspect or the 

,n a surface-observmg appara us such as a scanning P^J mentioned above of the present inven- 

tunneling microscope (hereinafter referred to as STM) r r 

and a high-density recording-reproducing apparatus for 10 £ ccordi t0 a forth t of the t inventioil( 

detecting electric current, extremely small force, and ^ fe ^ m inforn 7 ation . trea {i ng apparatus for 

the like. The present invention also relates to a process 15 wrf m f ormat ion onto or reading information from a 

for preparing the microtip, and a surface-observing Tec0ldin medium , compri sing a tip placed in proximity 

apparatus and a high density recording-reproducing tQ ^ re * ording mGdin £ ^ conc f u ^ ng the wri ting or 

apparatus employing the microtip. reading by utiIizing a tunne! current flowing bet ween 

^Related Background Art the ti and the specimenj or ut iii z i ng an interatomic 

Microtip used in STM or the like are mostly prepared 2Q force exerted the ti amJ the specimenj the 

conventionally from material such as a tungsten wire or apparatus be mg prov ided with the microtip of the first 

platinum wire by mechamca grinding by means of a { QT the sgcond t mentioned above of thc 

diamond drill or the like, or electrochemical etching, in pre sent invention, 
a shape of a sharp tip. Recently, a cleavage method has 

been reported which utilizes the properties of a single 25 BRIEF DESCRIPTION OF THE DRAWINGS 

crystal material (Yada, et al.: "Observation of Surface FIG, 1 explains a microtip of the present invention. 

Atomic Image with a Scanning Tunneling Microscope, FIG 2 shows a scanning electron microscope of the 

and Material of Tip Therefor", Shinku (Vacuum) Vol tip of a tip formed by anisotropic etching. 

31, No. 5, 1988). p]Q 3 i s a schematic diagram of a reactive ion etch- 

The prior art techniques of producing the microtips 30 mg appara tus. 

have disadvantages below: FIG. 4 explains a surface-observing apparatus de- 

1. Electrochemical etching causes formation of an scribed in Example 3. 

oxide film on the surface of the tip, which makes it FIG. 5 explains an information-treating apparatus 

impracticable to measure precisely a minute tunneling described in Example 4. 

current in STM. Moreover, this method provides a 35 F IG. 6 shows dependence of the tip current on the 

microtip having low mechanical rigidity owing to the distance between the tip electrode and the recording 

small solid angle of the tip. layer surface in the information-treating apparatus. 

2. Mechanical grinding is liable to apply excessive 

stress to the material and is not satisfactory in control of DESCRIPTION OF THE PREFERRED 

the shape of the tip because of the mechanical cutting. 40 EMBODIMENT 

3. The cleavage method does not always give the In the first aspect of the present invention, a microtip 
desired sharp solid angle, and is not sufficient in repro- [ s provided which has a tip portion formed by gathering 
ducibility in the production, of three crystal faces of a single crystal, at least one of 

4. The microtips produced according to the above the crystal faces being an etched face. 

prior an techniques, do not exhibit stability and reliabil- 45 i n the second aspect of the present invention, a mi- 

ity in image observation, writing, and reading when crotip is produced by breaking and splitting a single 

they are used for a surface-observing apparatus or a crystal by applying a stress, and subjecting the face 

recording-reproducing apparatus. formed by breaking of the single crystal to anisotropic 

SUMMARY OF THF INVENTION etching by utilizing facial orientation thus forming a tip 

5UMMAR Y Uf 1 rib 1IN V fcIN i IUIN $Q ^ & gathering poim Qf three Cfysla] faces of the 

The object of the present invention is to offset the single crystal, 

disadvantage of the prior art, and to provide a microtip in the third and the fourth aspects of the present 

without formation of an oxide film in production invention, the aforementioned microtip is employed in a 

thereof without lowering rigidity, and doing so in such surface-observing apparatus or an information-treating 

manner as to provide a sharp tip with sufficient repro- 55 apparatus. 

ducibility. The single crystal matter in the present invention is 

According to a first aspect of the present invention, preferably a single crystalline carbide, specifically tita- 

there is provided a microtip having a tip portion formed nium carbide, tungsten carbide, silicon carbide, or the 

by gathering of three crystal faces of a single crystal, at like. 

least one of the crystal faces being an etched face at and 60 The tip portion of the microtip of the present inven- 

around the tip portion. tion is formed as a corner of three gathering faces. 

According to a second aspect of the present inven- The three faces of the microtip of the present inven- 
tion, there is provided a microtip produced by breaking tion are respective crystal faces. The preferred exam- 
and splitting a single crystal by giving a stress, and pies of the combination of the three crystal faces are the 
subjecting the face formed by breaking of the single 65 planes (21 1), (1 10), and (100); the faces (21 1), (1 10), and 
crystal to anisotropic etching by utilizing facial orienta- (010); and the faces (21 1), (1 10), and (001). 
tion, thus forming a tip portion as a gathering point of Of the aforementioned three crystal faces, at least one 
three crystal faces of the single crystal. face has an etched face at and around the tip portion. 
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The etched face is formed in a single face, namely on broken and split (or cleaved) into two pieces by hand, 

the same plane, thereby ensuring the reproducibility of thereby being cleaved at the (100) plane as shown in 

the sharpness of the tip portion. FIG. 1. However, because of non-uniform stress during 

The one of the crystal faces constituting the tip por- the cleavage, the sharp tip was not formed which has a 

tion may be etched wholly. However, the sharpness of 5 radius of curvature in the nanometer order required for 

the tip portion is achievable with reproducibility, if the microtips for STM and the like, 

etched face covers the tip and vicinity thereof. At least Thereupon, the (100) plane of the cleaved material 

one of the three crystal faces constructing the tip por- was etched by a wet process by use of the etchant com- 

tion needs to be in an etched state at least at and around posed of a mixture solution of hydrofluoric acid, nitric 

the tip. The other one or two crystal faces may also be 10 acid and water (composition: HF:HN03:H 2 0 =1:1:1). 

in an etched state. Naturally, the one or two crystal The wet etching process is described below, 

faces may be a wholly etched face. The hydrofluoric nitric acid solution was prepared in 

The aforementioned microtip can be derived by an- a stoppered polyethylene bottle. The material with a 

isotropically etching a breaking; face of the broken and support made of teflon was put into the solution to etch 

split single crystal. The anisotropic etching is con- 15 the breaking ; face. The material was left standing in the 

ducted by utilizing the orientation of the single crystal, solution for three days in the stoppered polyethylene 

either on the entire of the breaking face or on a tip and bottle. The etching rate of the titanium carbide single 

vicinity thereof. The anisotropic etching may also be crystal was 1 jim per hour standing in the hydrofluoric 

practiced either on only one of the three faces or on two mtr ic acid system. The etching time could be shortened, 

or three thereof. 20 if desired, by stirring or heating. 

The etching may be practiced either by a dry process The microtip completed as above is shown in FIG. 2. 

or by a wet process. As the result of anisotropic etching, the etched faces 21 

In the wet process of the etching, examples of a useful were fonned by reta ining exactly the crystal face of the 

etchant are shown below. For single crystal of titanium single cryslaI n ^ orientation of the etched face was 

carbide, the useful etchant includes a mixture of HF, 25 analyzed to be surrounded by three planes of (211), 

HNO3 and H 2 0 in a ratio of 1:1:1; a mixture of HF, (HO), and (100). The tip portion 22 formed by the 

HNO3 and glycerin in a ratio of 1:1:1; a mixture of etched faces 21 was so sharp that the radius of curvature 

HNO3, HC1 and H 2 S0 4 in a ratio of 1:1:1; a mixture of was as smal ] as approximately 20 nm, according to ob- 

HNO3, HF and H 2 S0 4 in a ratio of 1:1:1, and so forth. servation with scanning electron microscopy. 
For single crystal of tungsten carbide, the useful etchant 30 

includes a mixture of HC1 and H2O in a ratio of 1:1, and EXAMPLE 2 

the like. FIG. 3 illustrates an outline of an apparatus for reac- 

In the dry process of etching, the useful etching gas tive ion etching ( here inafter referred to as "RIE"), the 

for sputtering includes argon, chlorine, dichiorodifluo- appar at U s comprising a vacuum chamber 31, an evacua- 

romethane, tetrachioromethane, tetrafluoromethane, 35 tion opening 32> a cooling, a cooling water line 33, a gas 

and the like. introducing line 34, a gas flow rate-controlling valve 35, 

The practice of the anisotropic etching utilizing the a high frequency source 36> a sample holder 37 for 

orientation of the single crystal will provide a flat face holding ^ sing]e crystal 39 having been c]eaved) and a 

constituted of a single crystal face, giving the sharpness CQUnter electrode 38 In this Exampie) tungste n carbide 

of the tip portion covered by this plane. 40 wa$ used as the $j le a] 39 The preparation COIldi . 

The surface-observing apparatus of the present inven- tions are ]isted be]ow 
tion employing the microtip of the present invention 

includes STM in which the surface of a specimen is 

observed by moving the tip and an observed specimen Evacuation pressure: 4 Pa (Pascal) 

relatively in a plane direction with the tip held at the 45 Introduced gas CF 4 ^ 
position to keep constant the tunnel current flowing 
between the tip and the specimen, and measuring the 
change of the vertical shift of the tip. Further, atomic 

force microscopy (AFM) is also included in the surface- The single crystal 39 was dry-etched under the condi- 

observing apparatus of the present invention: the AFM 50 tions above, thereby providing a microtip having a tip 

in which a tip is vertically shifted so as to keep constant surrounded by the planes of (211), (1 10), and (100) as 

the atomic force between the tip and the specimen in- shown in FIG. 1 and FIG. 2. The curvature radius of 

stead of keeping constant the above tunnel current. the tip ofthis microtip was 20 nm, and the etching rate 

The information-treating apparatus of the present was 100 A/hour. 

. invention employing the microtip of the present inven- 55 EXAMPLE 3 
tion includes the apparatuses which are based on the 

principle of the STM or AFM and read out information An example of an STM apparatus equipped with the 

recorded in a recording layer of a recording medium, microtip of the present invention is described by refer- 

and record or erase the information. ence to FIG. 4. • 

60 The titanium carbide single crystal tip 40 was pre- 
pared by etching by a wet process. The surrounding 

Titanium carbide was used as the material of the crystal faces were planes of (21 1), (110), and (100). The 

single crystal 11, which has orientation of <111> in specimen 42 to be observed was prepared by vapor- 

the major axis direction, and is surrounded by planes of depositing the molecules of a liquid crystal (10CB) onto 

(211), and (011) as shown.in FIG. 1 (three planes are not 65 HOPG (highly oriented pyrolitic graphite), 

shown in the drawing). The used titanium carbide mate- The apparatus comprises a sample holder 43, a cylin- 

rial had a cross-sectional area of 0.3 mm X 0.3 mm and a drical piezoelectric element 44 for fine movement of the 

length of 10 mm. This titanium carbide material was tip 40 for three-dimensional scanning, a coarse move- 



Gas flow rate 10 SCCM 
Effective power 1 50 W 



EXAMPLE 1 
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ment mechanism 45 for bringing the tip 40 close to the The mechanical performance in the movement con- 
specimen 42, a bias source 41, a current-voltage con- trolby use of a piezoelectric element is as shown below, 
verter 46, a logarithmic converter 47, a comparator 48, Fine movement control range in Z direction: 0.1 nm 
an integrator 49, a micro-computer 50, an amplifier 51, to 1 u-m 

a displaying device 52, a three-dimensional scanning 5 Coarse movement control range in Z direction: 10 nm 

circuit 53 for three-dimensional scanning of the cylin- to 10 mm 

drical piezoelectric element 44 for fine movement, and Scanning range in X-Y directions: 0.1 nm to 1 u,m 

a coarse adjustment control circuit 54 for bringing the Allowances in measurement and control: less than 0.1 

tip 40 close to the electrode. The tip 40 is attached to the nm 

cyclindrical piezoelectric element 44 for fine movement 10 The example of the present invention is described 

in such a manner that the angle of the tip of the tip 40 below. 

becomes minimum to the scanning direction of the cy- piG. 5 shows the information-treating apparatus em- 

lindrical piezoelectric element 44. ployed in the experiment. The tip electrode 102 is a 

The surface-observing apparatus of the present in ven- titanium carbide tip electrode prepared by a wet pro- 

tion having the construction as described above was 15 C ess. The distance (Z) between the tip electrode 102 and 

operated in the environmental atmosphere. Electrical ^ recording medium 101 is finely controlled so as to 

feedback signals, were given to the cyclindrical piezo- keep extant the tip current flowing between the tip 

electric element 44 for fine movement through the cur- electrode 102 and the recording medium 101 by means 

rent-voltage converter 46, the logarithmic converter 47, of the fme movement mechanism 107. The fine 

the comparator 48, the integrator 49, and the amplifier 20 movement contro l mechanism is also designed to be 

51 with the bias source 41 being set at the voltage of 100 capab , e of controlling fine i y the movement in the plane 

mV in order to control the tunnel current flowing be- direction (or lhe X -Y directions). Such techniques are 

tween the tip 40 and the specimen 42 to be constant at knQwn matters Thfi u electrode 102 is useful m direct 

InA. The displacement of the cylindrical P^zoelectnc rec0 rding, reproduction, and erasing. The recording 

element 44 was micrometer per ^kilovolt. With this 25 medium x fa Jaced Qn ^ xy m ^ [$ mQV . 

e ectneal feedback being applied, the cylindrical piezo- ab]e tQ a desjred n The numera) m denotes a 

electric element 44 for fme movement was made to scan substrate cIectrod and the numeral m denotes a sub . 
by the three-dimensional circuit 53 m such a manner 

that the tunnel current flowing between the tip 40 and n • rimem of recording . re p r oducing-er a sing is 

the specimen 42 ^^^*^^^^ a 30 described below in detail, employing an LB film (com- 

^™^^ rft ^•^«^^^ f 3^P" l » posed of 8 layers) of squarylium.bis-6-octylazulene 
the displaymg dev.ee 52^he scanmng rate of the p 40 P J ^ formed Qn , , d 

was 2 milliseconds for one line. A clear image of liquid v . 

crystal molecules was observed from the output image. electrode iuj. 

Conventional tungsten tips prepared by electrolytic 35 * recording medium 1 having a recording layer 101 

grinding cause.errors in pitch of observed molecules of built-up eight-layers of SO AZ wasplaced on the X-Y 

frequently owing to the image distortion at the starting «»8« »*• Th « u "P e! f ,r ° de was f P^H.oned visually and 

portion of scanning. With the microtip of the present f'"4 there tightly A ™ lta ? e of " ™ volt , was 1 

invention, however, no influence was observed such as £ «he tip electrode 102 relative to the go d electrode 

distortion of the image. 40 1°3, and the distance (Z) between the tip electrode 102 

and the recording layer 101 was adjusted by monitoring 

EXAMPLE 4 the electric current. Thereafter, the dependence of the 

This example is described by reference to FIG. 5 and current on the distance (Z) as shown in FIG. 6 was 

FIG. 6. This example describes the application of the measured by varying the distance (Z) by use of the fine 

single crystal microtip of the present invention to a tip 45 movement control mechanism 107. 

electrode for information treatment. The distance < z > between the n P electrode 102 and 

FIG. 5 is a block diagram of an information-treating the surface of the recording medium 101 can be ad- 
apparatus of the present invention, which has a tip-cur- justed by varying the tip current and the tip voltage, 
rent amplifier 105, a servo circuit 106 for controlling a However, m order to keep the distance Z constant at an 
fine movement control mechanism 107 employing a 50 appropriate value, the tip voltage needs to be adjusted 
piezoelectric element to keep the tip current constant, so as to obtain the tip current Ip m the range of 10 7 
and a power source 108 for applying a pulse voltage A^Ip^ 10~ 12 A, preferably 10 -8 A^Ip= 10 -10 A. 
between the tip electrode 102 and the electrode 103 for The tip current was set at the level within the "a" 
recording and erasing. region in FIG, 6 (10- 7 A). Under this condition, the tip 

In order to deal with an abrupt change of the tip 55 electrode 102 was in contact with the recording layer 

current on application of the pulse voltage, the HOLD 101. The experiment below was conducted with the 

circuit is brought to an ON state to keep constant the output voltage of the servo circuit 106 kept constant. A 

output voltage of the servo circuit 106 during the pulse reading voltage of 0.5 volt was applied between the tip 

voltage application. 102 and tne S old electrode 103, the reading voltage 

The X-Y scanning drive circuit 109 controls the 60 being not higher than the threshold voltage for causing 
movement of the tip electrode 102 in X and Y direc- electric memory effect. As the result, the current mea- 
tions. The coarse movement mechanism 110 and the sured was not more than u.A, which shows the OFF 
coarse movement driving circuit 111 preliminarily ad- state. Then, a triangle pulse voltage was applied which 
just roughly the distance between the tip electrode 102 is not lower than the threshold voltage Vth-ON, for 
and the recording medium 1 so as to obtain a tip current 65 giving an ON state. Subsequently the voltage of 0.5 volt 
of approximately 10- 9 A. These devices are all con- was applied again between the electrodes, and the cur- 
trolled totally by the microcomputer 112. The appara- rent of about 0.3 mA was found to (low, which shows 
tus also has a displaying device 113. an ON state. 
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Then, a triangle pulse voltage was applied which is 
not lower than the threshold voltage Vth-OFF where 
ON state turns to OFF state, for giving an OFF state. 
Subsequently the voltage of 0.5 volt was applied again 
between the electrodes, and the current was found to be 5 
not more than uA, whereby the return to the OFF state 
was confirmed. 

In another experiment, the tip voltage was set at 0.5 
volt, and the tip current Ip was set at 10- 9 A which 
corresponds to the "b" region in FIG. 6. Thus the dis- 10 
tance Z between the tip electrode 102 and the recording 
layer 101 was controlled. 

With the X-Y stage 114 being moved at fixed inter- 
vals (lfi), a pulse voltage not lower than the threshold 
voltage, Vth-ON (Vmax=-15 V), was applied to 15 
write the ON state. The output voltage of the servo 
circuit was kept constant during the above application 
of the pulse voltage. 

The written information was read by controlling the 
distance between the tip electrode 102 and the surface 20 
of the recording medium 101 in the same mariner as in 
the above writing procedure, subsequently driving the 
X-Y stage 114 with the output of the servo circuit 106 
kept constant, and detecting the change of the tip cur- 
rent between the ON state and the OFF state to read the 25 
information directly; or otherwise the written informa- 
tion was read by driving the X-Y stage 114 with the 
servo, circuit 106 kept working (the HOLD circuit 
being in an OFF state) and detecting the change of the 
output voltage of the servo circuit 106 between the ON 30 
state and the OFF state. In this Example, the tip current 
in the ON state .was confirmed to be larger than that 
before the recording (or in the OFF state) by thousand 
times or more. 

The erasing was conducted by controlling the dis- 35 
tance between the tip electrode 102 and the surface of 
the recording layer 101 in the same manner as in the 
above writing, subsequently driving the X-Y stage 114 
with the output of the servo circuit 106 kept constant 
and with the tip voltage of 8 volts which is higher than 40 
Vth-OFF, and tracing the recorded portions. Thereby, 
all the recorded state was found to have been erased and 
turned into the OFF state. 

The same results were obtained by actuating the X-Y 
driving circuit 109 and driving the fine movement con- 45 
trol mechanism 107 instead of driving the X-Y stage 
114, and practicing the recording, reproducing and 
erasing information at intervals of 0.01 fi. More specifi- 
cally, after the recording, with the distance between the 
tip electrode and the surface of the recording layer 101 50 
kept constant and with the output of the servo circuit 
106 kept constant, the recorded portions were traced 
with the tip electrode by driving the fine movement 
control mechanism 107. As the results, the tip current 
was confirmed to change at intervals of a 0.01 u. by a 55 
factor of thousand or more. Further, the recorded state 
at the intervals of 0.01 fi was found to be all erased by 
tracing the recorded portions under the same conditions 
as above by employing the tip voltage of 8 volts. The 
above experiments of recording, reproducing, and eras- 60 
ing of information described above were repeated sta- 
bly. 

Stripes 1 fx long were written in various pitches rang- 
ing from 0.001 xi to 0.1 \i by using the fine movement 
control mechanism 107 to measure the resolving power. 
Consequently, at writing pitches of 0.01 fx or larger, the 
tip current were found to change consistently by a fac- 
tor of a 1000 or more in accordance with the writing 



pitches. At the writing pitches of less than 0.01 fi, how- 
ever, the change of the tip current decreased gradually, 
and changes were hardly observed at the writing 
pitches of 0.001 fx. 

The LB films of SOAZ employed in the above exper- 
iments were prepared in the manner below. 

An optical-polished glass substrate (substrate 104) 
was washed with a neutral detergent and trichlorothy- 
lene. Thereon, chromium was vapor-deposited in vac- 
uum in a thickness of 50 A as an underlying layer and 
further thereon gold was vapor-deposited in vacuum in 
a thickness of 400 A to form the underlying electrode 
(gold electrode 103). Separately, a 0.2 mg/ml SOAZ 
solution in chloroform was spread on the surface of 
water at 20* C. to form a monomolccular film on the 
water surface. After the solvent evaporated off, the 
surface pressure of the monomolecular film was raised 
up to 20 mN/m. With this surface pressure kept con- 
stant, the aforementioned electrode-carrying substrate 
was dipped slowly into water at a rate of 5 mm/min so 
as to cross the water surface, and then pulled up to form 
a two-layered Y-type monomolecular built-up film. 

As described above, the use of titanium carbide single 
crystal as the material of the tip electrode has made it 
feasible to conduct recording, reproducing, and erasing 
of information stably even when the pulse sweeping is 
repeatedly conducted. Thus, the stability of the appara- 
tus has been greatly improved in comparison with the 
one employing a conventional tip such as an electrolyti- 
cally polished tungsten tip. 

In the present invention, a microtip which has sharp 
angle of the tip formed by three crystal faces and has 
high mechanical rigidity is prepared, with high repro- 
ducibility, by breaking a single crystal and anisotropi- 
cally etching the face of the broken crystal. 

Further, the use of the tip in a surface-observing 
apparatus or a recording-reproducing apparatus enables 
stable observation of images, or recording, reproducing 
and erasing of images, and improves greatly the durabil- 
ity and reliability of the apparatus. 
What is claimed is: 

1. A microtip having a tip portion formed by gather- 
ing of three crystal faces of a single crystal, at least one 
of the crystal faces being an etched face at and around 
the tip portion, wherein the crystal faces are planes of 
(211), (110) and (100). 

2. A microtip produced by breaking and splitting a 
single crystal by applying a stress, and subjecting the 
face formed, by breaking of the single crystal to aniso- 
tropic etching by utilizing facial orientation, thus form- 
ing a tip portion as a gathering point of three crystal 
faces of the single crystal, wherein the crystal faces are 
planes of (21 1), (110) and (100). 

3. The microtip of claim 1 or claim 2, wherein the 
single crystal is composed of a carbide. 

4. The microtip of claim 1 or claim 2, wherein the 
single crystal is composed a carbide selected from the 
group consisting of titanium carbide, tungsten carbide, 
and silicon carbide. 

5. The microtip of claim 2, wherein the anisotropic 
etching is practiced by a dry process. 

6. The microtip of claim 2, wherein the anisotropic 
etching is practiced by a wet process. 

7. A surface-observing apparatus for observing a 
65 surface of a specimen, comprising a microtip placed in 

proximity to the specimen to be observed, and conduct- 
ing the surface observation by moving the microtip and 
the specimen three-dimensionally while detecting a 
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tunnel current flowing between the microtip and the tunnel current flowing between the microtip and the 
specimen, or detecting an interatomic force exerted ' specimen, or detecting an interatomic force exerted 
between the microtip and the specimen, said microtip between the microtip and the specimen, said microtip 
having a tip portion formed by gathering of three crys- being produced by breaking and splitting a single crys- 
tal faces of a single crystal, at least, one of the crystal 5 tal by applying a stress, and subjecting the face formed 
faces being an etched face at and around the tip portion, by breaking of the single crystal to anisotropic etching 
wherein the crystal faces are planes of (211), (1 10) and by utilizing facial orientation, thus forming a tip portion 
(100). as a gathering point of three crystal faces of the single 

8. An information-treating apparatus for writing in- crystal, wherein the crystal faces are planes of (211), 
formation onto or reading information from a recording 10 (1 10) and (100). 

medium, comprising a microtip placed in proximity to 10. An information-treating apparatus for writing 
the recording medium, and conducting the writing or information onto or reading information from a record- 
reading by utilizing a tunnel current flowing between ing medium, comprising a microtip placed in proximity 
the microtip and the recording medium, or utilizing an to the recording medium, and conducting the writing or 
interatomic force between the microtip and the record- 15 reading by utilizing a tunnel current flowing between 
ing medium, said microtip having a tip portion formed the microtip and the recording medium, or utilizing an 
by gathering of three crystal faces of a single crystal, at interatomic force exerted between the microtip and the 
least one of the crystal faces being an etched face at and recording medium, said microtip being produced by 
around the tip portion, wherein the crystal faces are breaking and splitting a single crystal by applying a 
planes of (21 1), (110) and (100). 20 stress, and subjecting the face formed by breaking of the 

9. A surface-observing apparatus for observing a single crystal to anisotropic etching by utilizing facial 
surface of a specimen, comprising a microtip placed in orientation, thus forming a tip portion as a gathering 
proximity to the specimen to be observed, and conduct 1 point of three crystal faces of the single crystal, wherein 
ing the surface observation by moving the microtip and the crystal faces are planes of (21 1), (1 10) and (100). 
the specimen three-dimensionally while detecting a 25 * * * * * 
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